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Abstract. The food eaten by people in their daily life must be preserved in good conditions. Therefore
and for a better environment protection, the classical refrigeration systems that use a refrigerant had
been removed and a solar thermo-electric cooler based on alternative energy sources was adopted. The
solar energy was used in order to produce electrical energy, while the thermo-electric energy was
responsible for the thermal transfer between the cooling room and the TEC modules, significantly
reducing the temperature of the cold room and food products, respectively. The operation of the solar
refrigerator was observed during the time of cooling one kilogram of pork meat and one litre of milk.
In the case of cooling meat, the minimum temperature achieved was 1.8 ºC, respective 0.2 ºC when
refrigerating milk. Considering the food refrigeration rated optimum temperature (0-4 ºC), the analysis
of the experimental results highlighted the possibility of preserving meat and liquids in proper
conditions by using a solar thermo-electric refrigerator, which is an ecological equipment with the
pollution rate extremely low, almost null.
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INTRODUCTION
The accelerated growth of the primary energy world’s consumption from the last
decades determined a significant increase of the emission rate of the greenhouse effect gases.
Implicit, this led to important climate changes that are not healthy for human life. In order to
reduce the pollution rate of the atmosphere, in 1997 was adopted the Kyoto protocol, followed
by the United Nations Climate Change Conference in 2009, where through, all covenanters
engaged to reduce the global aggregate emission up to 40% below 1990 level by year 2020
(Copenhagen Accord, 2009).
For the achievement of this commitment, all countries had to look for alternative
energy sources instead of the traditional ones. Due to this fact, people tried to exploit all kind
of energy sources that can replace the primary energy sources (e.g. fossil fuel). Alternative
energy sources are considered to be solar and thermo-electric energies, too. Starting with the
discovery of the thermo-electric effect in 1821 by the physician Thomas Seebeck, especially
of the cooling thermo-electric effect by Peltier (1834) and of the photovoltaic effect in 1839
by Becquerel, these two types of energy are in a continuous development.
Because the hydro and chlorofluorocarbons are harmful to environment due to their
high values of ODP or GWP (Gillot et. al., 2009), the entire cooling system based on vapour
mechanical compression was replaced with thermo-electric modules. In order to have almost
entirely environmentally friendly cooling equipment, the electrical energy needed by the TE
refrigerator during its operation was delivered by a photovoltaic system.
Xi et. al. (2007) made a review on the solar-driven refrigeration, but Abdul-Wahab
et. al. (2009) offered much complex information on the designing of a solar thermo-electric
refrigerator and its functioning during summer, while cooling 0.5 l of canned drink (that was
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associated with water). There are no information regarding the impact of PV-TE refrigerator
and its behaviour while cooling meat and other liquids beside water (e.g. milk). This paper
will present the possibility of refrigerating meat and milk by using a solar thermo-electric
refrigerator during winter conditions and its positive impact on the environment.
MATERIALS AND METHODS
For the accomplishment of the already mentioned objectives of the present paper, it
was used a solar thermo-electric refrigerator made of two important subsystems: the TE
refrigerator and the PV system. The experimental installation was detailed by Mare (2011).
The most important fact that has to be specified is that, the thermo-electric system eliminated
the polluting refrigerant and all the common cooling equipment used in a vapour mechanical
compression refrigerator.
The thermo-electric refrigerator was made of 4 cooling modules coupled in series
(Cristea, 1982, Mare, 2011), with a nominal electrical power of 64.4 W. In order to refrigerate
the provisions, the TEC modules had been cooled by water. The cold cooling water Tcc [ºC],
taken from the water-supply network, absorbed a certain heat flow from the hot face of the
TEC modules, allowing them to continuously take the heat from the cooling room and food,
too, as long as the cooling process took place. So, the heat absorbed during the entire
operation of the TE refrigerator did not harm neither the ambient environment nor other
equipment because it was not released in the atmosphere (as in the case of fans, exhausters,
etc.).
Fig. 1. Solar thermo-electric refrigerator scheme
The electrical power P [W] consumed by the thermo-electric refrigerator during its
operation, it had been delivered, as it was said before, by the photovoltaic system (PPV [Wp]).
The PV system was indirect connected with the TE equipment by using a storage battery. The
storage battery was needed because the observations were made in winter conditions, when
the exterior temperature Text [ºC] was very low and the intensity of the solar irradiation I0
(measured in [W/m2]) was too low to sustain the continuous operation of the refrigerator
during several hours. Also, to exclude any possibility of pollution, it had been chosen a “deep
cycle” gel battery, in which the lead acid is actually a gel. This means that the polluting rate in
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the case of continuous overcharging is extremely low, almost null and it has, also, special
protection for leakage that stops the sulphuric acid to spread into the environment and cause
any environmental or healthy problems.
The general scheme of the solar thermo-electric refrigerator is presented in fig.1. It
contains all the major components of the cooling installation: the TE refrigerator (2), water
supply and delivery pipes (1), electrical supply cables (3), (8), PV panel (5), charge controller
(4), storage battery (7), solar electrical cables (6).
The presence of the components mentioned above and their characteristics, except
for the PV panel and the electrical cables, assess the need of installing the solar thermo-
electric refrigerator in an indoor environment characterized by its ambient temperature
Tamb [ºC].
In order to validate the possibility of preserving food in good conditions, considering
the food refrigeration rated optimum temperature between 0 and 4ºC, according to Orders no.
494/2002 and no. 230/ 457/ 76/ 2002, the solar thermo-electric refrigerator had to cool one
kilogram of pork meat (fresh haunch) and one litre of milk. So, during the operation of the
solar thermo-electric refrigerator, the meat and milk temperatures (Tmeat and Tmilk, [ºC]) were
measured.
The descriptive statistics (Buiga et. al., 2010) were more representatives for a clear
analysis of the solar thermo-electric refrigerator behaviour in the two cases of the cooling
processes and of the possibility of normal refrigeration of the provisions. The descriptive
results were calculated with the Eviews program.
For the calculation of the total refrigerating capacity, different values of the specific
heat flow and density of milk and pork meat were considered. Due to the variation of these
last two admeasurements according to the temperature intervals, the total refrigerating
capacity 0Q  was calculated, in both cases, as a weighted average, as shown in the next
relation:
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where: 0( )tQ represents the total refrigerating capacity, [W];
p - weight, [%].
Refrigerating capacity (Abdul-Wahab et. al., 2009) from the above relation was
calculated according to formula:
0( )t
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in which: 0( )tQ represents the refrigerating capacity, [W];
c - specific heat, [J/Kg ºC];
T - temperature difference, [ºC];
 - time, [min];
m - the mass, [Kg], is calculated as followed:
m V                      (3)
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where:   is density, [kg/m3];
V - volume, [m3].
RESULTS AND DISCUSSION
A series of thermal, electric and photovoltaic parameters was observed during the
processes of cooling both meat and milk. Because the experiments led on several hours and
the number of observations was big, the analysis of the solar thermo-electric refrigerator’s
behaviour rely on the descriptive results presented in tables 1 (for meat) and 2 (for milk).
Fig. 2. Milk and meat temperature variation
Even though, the cooling time was smaller in the case of meat compared to milk, the
temperature difference registered between the initial and the final moment was higher when
refrigerating the pork meat. Hence, the maximum temperature difference for cooling meat
was 23.9 ºC, while for milk, its value was of only 12.9 ºC. However, the minimum
temperature registered in the case of cooling milk (0.2 ºC) was smaller than in the case of
pork meat refrigeration -1.8 ºC (fig. 2).
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Tab. 1
 Descriptive results for pork meat
Parameters Mean Median Maximumvalue
Minimum
value
Standard
deviation
Meat temperature 7.93 4.95 25.70 1.80 7.64
Ambient
temperature 23.73 23.70 24.30 23.30 0.33
Cold cooling water
temperature 17.37 17.05 21.00 17.30 1.40
Hot cooling water
temperature 20.70 20.80 21.10 20.00 0.34
Electrical power 50.56 49.13 61.74 43.92 5.81
Solar irradiation 425.10 100.50 1060.00 21.00 467.87
PV power 51.10 16.74 131.04 0.00 54.59
Exterior air
temperature -7.20 -7.50 -5.00 -9.00 1.48
The median has a very important roll. It confirms the possibility of preserving food
in optimum conditions, considering the refrigeration rated temperature between 0 and 4 ºC,
according to Orders no. 494/2002, and no. 230/ 457/ 76/ 2002. When preserving liquids
(milk), half of the recorded temperature values were smaller than 1.2 ºC. This aspect is also
sustained by the milk mean of which obtained value was of 3.8 ºC.  In the case of meat, in
50% of the recordings, the meat temperature was under 4.95 ºC. The median was with almost
1 ºC higher than the rated value. By analysing all the recordings, it was calculated that in 44%
of the measurements, the temperature of the meat was less than 4 ºC (the rated value).
Based on the existing recordings and according to relations (2) and (1), it was
calculated a refrigerating capacity of 2.6 W in the case of cooling milk and of 3.08 W when
refrigerating one kilogram of pork meat. It can be seen that the temperature difference
obtained in the situation of cooling meat led to an increase of the refrigerating capacity, even
if the cooling time was less than in the case of milk. The difference between the two
refrigerating capacities was strongly influenced by the specific heat, which, for milk, was with
more than 1700 J/Kg ºC higher. If the specific heat values of meat and milk would have been
closer, the refrigerating capacity in the case of cooling meat would have been higher (due to
the great temperature differences).
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Tab. 2
 Descriptive results for milk
Parameters Mean Median Maximumvalue
Minimum
value
Standard
deviation
Milk temperature 3.80 1.20 13.10 0.20 4.19
Ambient temperature 23.52 23.60 24.20 22.60 0.50
Cold cooling water
temperature 17.56 17.60 18.40 16.60 0.49
Hot cooling water
temperature 20.68 20.60 21.40 20.00 0.42
Electrical power 47.10 44.84 55.35 42.18 4.88
Solar irradiation 328.69 76.00 890.00 6.00 374.50
PV power 34.58 18.88 84.70 0.00 34.96
Exterior air
temperature -7.38 -7.00 -7.00 -9.00 0.77
The ambient temperature registered very high values in comparison with the exterior
air temperature (a mean of 23.6 ºC for the ambient temperature comparing to a mean of only -
7.3 ºC of the exterior air temperature). This is because the experiments took place inside a
laboratory, the winter conditions not being proper for a normal functioning of the installation
components (especially storage battery).
Like it was already specified, the TEC modules had been cooled by the cold water
taken from the water-supply network. While the minimum cold cooling water temperature
registered during the milk cooling process was of 16.6 ºC, the maximum value was at the
beginning of the meat refrigeration process (21 ºC). The hot cooling water temperature varied
between 20 ºC and 21.4 ºC in both cooling situations. The maximum temperature difference
between cold and hot cooling water was of 4 ºC, obtained when refrigerating meat.
The presence of clouds on the sky during the experiments determined the variation of
the solar irradiation from 6 W/m2 to 1060 W/m2. Due to this variation, the photovoltaic power
delivered by the PV panel to the system significantly fluctuated, too (from 0 Wp to 84.7 Wp
for milk, 131 Wp for meat, respectively). That led to a mean of 34.58 Wp in the case of
cooling milk and 51.1 Wp in the case of refrigerating meat. Comparing these last values with
those of the electrical power consumed by the TE refrigerator while operating, it can be seen
that for the milk case, the mean of the electrical power is higher than the one of the PV power
(47.1 W compared to 34.58 Wp). This aspect confirms the necessity of the storage battery in
order to supply all the electrical power needed for the operation of the thermo-electric
refrigerator (fig. 3).
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Fig. 3. Comparison between the electrical and photovoltaic power
CONCLUSIONS
Based on the facts presented in this paper, there are two main conclusions that can be
drawn. The solar thermo-electric refrigerator is an environmentally friendly cooling device,
with a pollution rate almost null. By replacing the entire classic refrigerating system of a
vapour mechanical compression refrigerator, made of vaporizer, compressor and condenser,
with the thermo-electric modules, the most important polluting factor – the refrigerant – was
eliminated. Because the hot face of the TEC modules are cooled with cold water from the
water-supply network, the heat absorbed from food, by the refrigerator during the cooling
process, was not released into to ambient environment. In consequence, it did not cause any
disturbances neither to the occupants and other devices nor to the environment. Also, by using
a photovoltaic system with a gel storage battery for supplying the electrical power needed,
there are no leakages, the environment is protected, too and the classical energy source (the
electricity network) is eliminated.
By achieving a final temperature of 1.8 ºC of the pork meat and of 0.2 ºC of one litre
of milk, the solar thermo-electric refrigerator can preserve food in good conditions,
considering that the food refrigeration rated optimum temperature is between 0 and 4ºC. This
aspect is also confirmed by the value of the milk median of 1.2 ºC and by the 44 percentage of
all recordings under 4 ºC for meat.
The solar thermo-electric refrigerator proved to be a good environmentally friendly
refrigerating system capable of preserving food in optimum conditions. By adjusting it and
producing it to significant cooling capacities, it can replace with success the common
refrigerators existing nowadays on the market.
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